NEW APPROACHES TO NUMERACY

MODERATE TENSION

SIGNIFICANT TENSION

FIGURE 13. When the rubber band is stretched, the symmetrical position of the pin
(a) becomes unstable. Two stable positions emerge on either side (b) and (c), but neither
of these has the symmetry of the original configuration. In this case, as in many other
examples in nature, instability break symmetry.

geometry, for example, tangents and normals to a curve, centers of grav-
ity, and even coordinate transformations.

For a more homely example, consider the flow of water through a
hose with circular cross section. Imagine the hose suspended vertically,
nozzle downwards, with water flowing steadily through it. This system is
circularly symmetric about an axis running vertically along the center of
the hose. And indeed if the speed of the water is slow enough, the hose
just remains in this vertical position, retaining its circular symmetry.

However, if the faucet is turned on further, the hose will begin to
wobble. In fact there are two distinct kinds of wobble. In one it swings
from side to side like a pendulum. In the other it goes round and
round, spraying water in a spiral. Similar effects are often observed
when children wash the family car. These wobbles do not possess circu-
lar symmetry about a vertical axis: indeed, they break it in two distinct
ways. They also break a less obvious but very important symmetry:
symmetry in time. The original steady flow looks exactly the same at
all instants of time. The oscillating flows do not. The time symmetry
is not totally lost, however: both wobbles are periodic and hence look
exactly the same when viewed at times that are whole number multiples
of the period. This shows how the continuous temporal symmetry of a
steady state breaks to give the discrete symmetry of a periodic one.

Symmetry breaking is important in biology. When a spherically sym-
metric frog egg develops, it splits into two cells and the spherical sym-
metry is broken. At a later stage of development (Figure 14) a spheri-
cally symmetric mass of cells, the blastula, forms; but this first develops